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PREFACE 


This is the final report on the Investigation of the Effects of 
Construction and Stage Filling of Reservoirs on the Environment and 
Ecology- The overall objective of a series of investigations expected 
to be undertaken for this project is to test the hypothesis that changes 
in a river basin's ecology which take place during the construction and 
long-term operation of a flood control reservoir can be measured by 
high-level aerial and satellite photography and other data; in addition, 
the investigation attempts to ascertain whether post-project changes 
in areas having similar, preproject environments can be predicted 
with reasonable accuracy. 

The purpose of this project was to develop optical processing 
techniques for use in a system to monitor the effects of major construc- 
tion. A simple information extraction system, based on photographic 
enhancement techniques and manual interpretation, was developed and 
compared to currently used digital processing techniques. The devel- 
oped manual interpretation system proved to be a viable approach. 

The information extraction system described in this report was 
developed and tested by Dr. H. M. Karara and Dr. J. R. Eyton, Depart- 
ments of Civil Engineering and of Geography, respectively, University 
of Illinois at Urbana-Champaign, Urbana, Illinois. Programming was 
done by Mr. Paul Lessar, a graduate student of the University of Illi- 
nois at Urbana-Champaign, Department of Urban Planning. Assistance 
provided by Mr. R. F. Gordon, technical monitor, is gratefully 
acknowl edged; 
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1 INTRODUCTION 


OVERALL OBJECTIVE 

The overall objective of the anticipated Sr3ries of investigations 
is to test two hypotheses: (1) that changes in the ecology of a 

river basin which take place during construction and long-term opera- 
tion of a flood-control reservoi’^ can be mecsured by high-level aerial 
and satellite photography and other data, and (2) that post-project 
changes in areas having similar, preproject environments can be pre- 
dicted with reasonable accuracy. 

The original area of interest was the Sangamon River Basin in 
Illinois. The phenomena that were originally to bo observed included 
the effect of impoundment and operation of Uakley Reservoir upon such 
basic natural processes as erosion, sedimentation, primary production 
of organic materials, and changes in the composition and density of 
flora and fauna. These processes v/ere to have been measured in the 
area immediately impacted by the reservoir itself, and would have in- 
cluded the zone in which changes in groundwater and soil moisture 
were expected to influence basin processes, as well as approximately 
90 miles of land along the Sannamon River which were to be protected 
from flooding. 

PROJECT OBJECTIVE 

The purpose of this project was to develop a monitoring system 
with the objective of: 

a. Developing a simple information extraction technique based 
on optical processing, 

b. Developing an interpretation system compatible with the pro- 
ducts of optical processing, 

c. Testing these techniques against currently available digital 
processing techniques, 

d. Evaluating the test results for use in the developed interpre- 
tation system for monitoring environmental changes caused by major 
construction. 

The proposed dam site at Lake Decatur and a few scenes within the 
supplied imagery that could best illustrate the results are used as 
examples of the developed techniques. 
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2 SATELLITE-IMAGE OPTICAL PROCESSING 
TECHNIQUES 


INTRODUCTION 

This research investigates the utility and feasibility of optical 

is worthwhile for the following reasons: 

a Hanv oeople require techniques that will allow them to do 
"single shot" information extractions; therefore, the simplest 
lelst expens 1 vrtechn 1 qu« that are effective «ere considered. 

h There are digital methods for these techniques; however, most 
curreni programs frTommLcial 

^^SiirgTleriJ^ ^rgr.Jh?prSrtS:4''Ise h5 many investi- 
gators . 

c Most equipment described in this research can be built at a 

ri Remote sensors treat photographs as physical records of the 

tive sensing system (“«>•?) U thi iSd ?atlSn of which band 

|:il»:7enrthf a^d^hrS ^rt5rrl|ltion (intensity as indicated by 
grey level or density) is being reflected. 

COPYING 

Most information needed from an ERTS image is often contained in 

?o=SIirl^ti:4S?o);ihUr^^^Sn?: S-foS IStI frime. 

Three methods were developed: 

a. Use of standard copying equipiaant built around 35 ™ and 2 V4 
X 2 3/4 in. single lens reflex cameras. Figure 1 illustrates the 
system and its components. 

b Fabrication of a simple camera (Figure 2) for obtaining a 
fixed 1:1 copy on 4 x 5 in. sheet film from a transparent or opaque 

copy. 

c. Use of an enlarger to project portions of an ERTS color 


2 



1 . Saturn Copy Stand 

2. 3400 K Photo Floods 

3. Aristo DA-10 Light Unit 

4. Nikon F 35mm Camera 

5. Micro-Mikkor-P.C. Auto 1:3.5 f55 mti lens 

6. Bellows, Spiratone Macrotel 1:45, f 150 lens 
: . Extension Tubes 

8, +1, +2, +3, Close-Up Lenses 

9. Spiratone Macrostigmat +20 Diopter Lens 

10. Critical Focuser 

11. Miranda FVT 35 mm Camera 

12. Focusing Rail 


Figure 1. Close-Up Photography System 
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» * , 

6x6xt plywood 

Lisco ^x5 sheet film holder 
glued to plywood 


6x6x6 electronic chasis box 


For a l:l copy lens to object 
and lens to film distance * 
2xfocal length. 


plywood base 


Figure 2. Simple 1:1 Copy Camera 





transparency or enhanced Diazo transparency. This system produced the 
sharpest results at extreme magnification. 

X ui Table 1 outlines the steps for copying with the enlarger, and 
Table 2 outlines the necessary filtration for other enlarger bulbs 
and daylight-balanced films. 


These three copying methpds were quite successful. Contrast was 
increased by using standard film, such as Ektacolor or Ektachrome. 
rather than copying films which reduced contrast gain in the cooving 
resean. Figures 3a and 3b illustrate the use of standard film. (All 

siSln Awend?fA!) 

SEPARATING THE SPECTRAL BANDS 

a regular color image and an infrared color image, 
the spectral information of_ each band can be separated by photographing 
the image with black and white film using color separation filters 
Two sets of separation filters can be used; an additive set (R, G.'b) 

(Table 3 lists the Wratten number 

corresponding to each filter.) 

be a black and white negative con- 

hip^J ? information from one band; the subtractive separation will be a 
black and white negative containing information from two bands. 

vdH schematically illustrates the process of separating the 

red band information from a color transparency. 

A>ni radiation reflected from the target and recorded on the 

orint ^’^Thiflf^h ^ ^ black and white 

rendition for a positive black and white 
record oi^ the reflected red radiation; white or light renditions in- 

5 shows separations fr^aJ IR 
Ektrachrome transparency using a simple target. 

Ektacl!? 0 K "" 

COMBINED SPECTRAL INFORMATION 


Techniques used for combining black and white photographic re- 
cords are additive viewing, additive printing, and additive copying. 
These methods are most commonly employed with multiband aerial photo- 
graphic imagery and with the black and white photographic positives 
obtained from the ERTS multispectral scanner. 
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Table 1. Enlarger Copying of ERTS and SKYLAR Imagery 


FILM: EKTACOLOR-L, 4x5 sheet for exposure of 1-10 sec, balanced 

for 3200°K lighting or daylight balanced films such as 
Kodacolor or Ektachrome 


ENLARGER BULB: See Table 2 

CORRECTION FILTER: (2950°K 3200°K): 82B 

FILM HOLDER: 4x5 Lisco sheet film holder. A white piece of 

paper is inserted on one side of the film holder to act as 
a focusing panel. The dark slide for this side is perma- 
nently removed. 

STEPS: (1) Put transparency in enlarger, flipped over once from 


correct viewing . 

(2) Focus image at desired enlargement on white focusing 
panel . 

(3) Turn film holder over; position holder with image on 
dark slide (DO NOT REFOCUS!) 

(4) Turn off enlarger; remove dark slide and expose 
(nominal exposure 1 sec at f32 with 150 mm lens) 

(5) Replace dark slide. 
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Table 2. Enlarger Bulbs and Color-correcting Filters 
for Balancing Tungsten and Daylight Films 


Color Correction Filters 


Enlarger Bulb 

Color 

Daylight Films 

Tungsten 


Temoerature 


Films 




(3200°K) 

211 (75 Watts) 

2950 

SOB & 82C 

82B 

212 (150 Watts) 

2950 



300 (150 Watts) 

3100 

SOB & 82B 

82 
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Figure 3a. Part of the Sangamon Basin (Map 1) from Skylab 
ETC Frame Copied Using Ektacolor-S 


0 




<ir' TRE 

S- ./ vl? 


Figute 3b. Close-up of the City of Decatur, Illinois, and 
Lake Decatur (Map 2) from Skylab ETC Frame 
Copied Using Ektacolor-S 
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Targot 




B&WFilm4. 




Silver density 
Dye density 

No silver or dye density 


Figure 4. Separating Red Band from Ektachrome film 


Target, 


Film 



G 

R 



Red Filter 
B & W Film- 


t 





B & W Film+ 



r\.wv.vS^ 


Silver density 
C,M,y] Dye lonsity 

I No silver or dye density 


Figure 5. Separating the IR Band from IR Ektachrome (for the TR 
Ektachrome film a red filter separates out the IR in- 
formation from the transparency because the IR response 
was represented by Y-»M = R dye.) 
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Table 3. Separation Filters 


Additive 

Fi 1 ter Wratten # 


R 

G 

B 


25A 

58 

47B 


Subtractive 
Filter Wratteri # 
C 44A 

M 32 

Y 12 


principal advantages of combining these records into a color 
Th fh® operator's control over assigning a color hue to 
each band and the saturation of the color in sophisticated systems 

include false coloring (other than an IR Ektachrome ren- 

similar spectral reflectance 

is ^ composite if a color rendition 

^ latter is particularly true of ERTS color imagery, 

I stL 3'-® '•ss'll'y available. The method 

listed here will produce color imagery of extremely high quality, 

instances will equal that of machine-processed imaqery 


= — I iic-processed imaqery 

available from agencies. ^ 

Additive Viewing 

A simple additive viewing system can be made by using three oro- 
project the black and white positive records in registra- 
tion (aligned) on a screen. Filters placed in front of the projector 
lenses control the hue, and a rheostat connected to the projector 

I degree, the saturation. Figure 6 is an example 
hi Jb I"’? reconstructing an IR Ektachrome rendition from 

records. Since each record is a positive black and 

nSilnhf recorded as white (or trans- 

parent) on the film. If a red filter is placed in front of the pro- 
jector containing the IR record, areas of high IR reflectance will be 
AAnt^i Adding a green filter in front of the projector 

nrnW?n[l^ ^ Of the 

?pnd?Hnn !J9. 9!;'een record will create an IR Ektachrome 

ch^ngin^the fiUeSl'^ ' fenduions can be obtained by inter- 

Fin. to construct a simple system such as that shown in 

n wi 1 1 be registration problems unless long focal 

length (long throw to screen) lenses are used. Even when thes° lenspq 
are used however perfect registration is still impossible 

insured by using beam-splitting mirrors (Figure 7) 
Table 5 indicates some of the color combinations possible when a set 
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Table 4, Black and White Prints from Infrar 'd 
Ektachrome Transparency 


Record 

Dye Layer 

Separation 

Filter 

Equivalent Black and White 
Film/ Filter Combination 

Infrared 

Cyan 

Red (25A) 

IR + 89B 

Red 

Magenta 

Green (58) 

PAN + 25A 

Green 

Yellow 

Blue (47B) 

PAN + 58 

Infrared 
and red 

Cyan and 
Magenta 

Yellow (12) 

IR + 2SA 

Infrared 
and green 

Cyan and 
Yellow 

Magenta (32) 

No equivalent combination 

Infrared 
& red & 
green 

Cyan, 
Magenta & 
Yellow 

No filter 

No equivalent combination 

Red & 
green 

Magenta 
& yellow 

Cyan (44A) 

PAN + 12 
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IR RECORD 


G RECORD 


R RECORD 



P Projector with positive B & W transparency 
of each record 


Figure 6. Additive Viewing System 
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Totol light to reoch screen 
tquoU cquivoiont of one projoclof 


Total light to reach screen 
equals equivalent of one pfojectof 


lUIP — 


spliUer (1/3R, 2/3T) 


* 

Filters & positive i - I 


Beom splitter (’ jR. ’aT) 




Bcom splitter (’/jR, 




Filtcrt & poiitiv* 
transporancy 


R Reflection 
T Trontmistion 


TWO-r'’OJECTOR ADDITIVE VIEWER 


THREE.PROJECTOR ADDITIVE VIEWER 


Figure 7. Beam Splitter Additive Viewing Systems 
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of primary additive and subtractive filters are used. With these 
filter combinations, the non-IR reflectance color is complementary to 
the IR reflectance color, providing maximal scene contrast. 


Table 5. Filter Combinations for Additive Viewing 

Records IR Non-IR 

IR R G Ref. Color Ref. Color 


P RGB 

R F 

0 I B G R 

J L 

E T G B R 

C E 

T R C MY 

1 S 

0 M C Y 


R 

B 

G 

C 

M 


C 

Y 

M 

R 

G 


N 


Y 


C M 


Y 


B 


For most small-scale imagery, little information is lost if the 
green record is not used in the additive viewer. In practice, this 
may result in an actual gain in information, since two images are much 
easier to register than three. The green record is also subject to 
greater radiation scattering and usually does not have the contrast of 
clarity of the red record. Complementary-colored filters always have 
a two-band representation. When a red filter is used with the IR re- 
cord and d cyan filter is used with the R record, the rendition will 
be nearly identical to that of the IR Ektachrome rendition. Using one 
band in the near infrared and one band in the visible creates a much 
easier projection system; it is also a very useful concept for carrying 
out spectral enhancement techniques. 


Additive Printing and Copying 

The same procedures us^id for additive viewing may be used to 
make color prints or transparencies from individual black and white 
records. If black and white positive records are used, they must be 
copied onto color-positive material. If black and white negative 
records are available, they can be copied or printed onto color negative 
materials. 


Additive printing is a method in which th"* black and white record 
is placed in contact with a piece of colored ma.erial and exposed to 
a light source filtered by a primary filter, ‘^he second and third re- 
cords are then individually contacted to the sa'ie piece of paper and 
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exposed to the light source through a different primary filter. Each 
record is kept in registration by a pin re Ti strati on system. Two 
approaches may be used: printing black anti white negative records 

onto colored paper {such as Ektacolor RC) which yields a positive 
color print, or printing black and white positive records onto a 
color negative film and using it to make contact color prints. The 
latter approach is basically the one used by the EROS program to 
print color composites from ERTS data. Figures 8 and 9 show the 
reconstruction of an IR Ektachrome rendition color print from black 
and white positive and negative records. False coloring of any ren- 
dition other than the IR Ektachrome rendition can be accomplished by 
interchanging the printing filters. 


ft f f t t 

r R 1 ! B 1 -Printing filter 

IR 

G 

j R -Positive B & W record 

\ 

, J , 

/ -Printed one at a timo 

r in register 

1 -Color negative film 

j 

L 


t 

-Color print paper 
( •!- color print) 



Figure 8. Infrared Ektachrome Rendition from Additive 
Printing of Positive Black and White Records 
onto Color Negative Material 

Additive copying can be accomplished by backlighting the black and 
white records and photographing them with a camera containing either 
positive (Ektachrome-X) or negative (Kodacolor, Ektacolor-S) film. 
Filters are interchanged on the camera lens for each exposure of a 
black and white record. A camera, such as a Mamiya RB-67 2-1/4 x 
2-3/4 in. SLR that is capable of triple exposure is ideal for this 
work. 

CONTRAST ENHANCEMENT 

Increasing the contrast of a color composite may increase the 
viewer's ability to distinguish detail more readily and note color 
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-Printing filter 


t t 

t t 

t t 

an 1 

an i 

M 1 

IR 


G 


LlJ 


\- I / 

r I 


-Negative B & W record 

-Printed one ot a time 
in register 

•Color print paper 
{ + color print) 


Figure 9. Infrared Ektachrome Rendition from Additive 
Printing of Negative Black and White Records 
onto Color Paper 

differences between objects which reflect nearly similar amounts of 
radiation bands. This can be accomplished in several ways; 

a. By photographing a color image (e.g., an IR Ektachrome air 
photo or an ERTS color composite) with a high-contrast color film such 
as Ekco photomicrography color film 2483. 

b. By taking separations from an IR Ektachrome file and developing 
them to a high contrast. The high-contrast separations are then com- 
bined by additive viewing or printing. 

c. By contact printing black and white positive records onto a 
high-contrast color material such as Diazo and registering the Diazo 
images to make a high-contrast color transparency. 

Cont»"ast Enhancement Using Photomicrography 
2483 Film 

Photomicrography is the use of a high-contrast Ektachrome film 
that is balanced for daylight and capable of very high resolution. 

Used in conjunction with a macro lens for closeup photography, it is 
extremely useful to the remote sensor for producing highly detailed 
images of a small portion of an air photo or ERTS image. In addition, 
the high-contrast color rendition often enhances small color differ- 
ences.^ The film is available in 135 magazines of 36 exposures and 
4x5 in. sheets. The film's principal disadvantage is its slow speed — 
ASA 16; however, this is usually not a problem if closeup photos are 
being taken and the camera is mounted on a rigid copy stand. Used in 
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conjunction v/ith an Aristo daylight source and copying at 1:1, nominal 
exposure for copying portions of ERTS color transparencies is 1/2 sec 
at F/5.6. Figure 10 is a photomicrography enlargement of an ERTS 
frame (1:1 on the original 35 mm frame). 

Contrast Enhancement from High-Contrast 
Separation Records 

Black and white high-contrast negative separation records may be 
obtained from an IR Ektachrome air photo or from an ERTS color compos- 
ite, using EKCO high-contrast copy film 5069. This film is a high- 
contrast panchromatic black and white film of high definition and is 
available in 135 magazines. When obtained, the separation negatives 
can be contacted onto a continuous tone sheet film, such as Plus-X, 
to obtain positives. These can be used in the additive viewing or 
printing techniques. The process of obtaining high-contrast positives 
can be carried further by contact printing the negatives onto a line 
film, such as EKCO Ortho Type 3 or Professional Line Copy. This 
results in a positive black and white record which contains either a 
dense black image (no radiation return) or a completely clear image 
(high radiation return). This "yes-no" quality of the record is 
called (by the authors) a binary slice. If each binary-sliced re- 
cord (IR, G, R) is colored by additive printing or viewing, there 
will be a maximum fixed number of tonal classes in the scene. Table 
6 outlines the possible combinations for binary-sliced IR, G, R re- 
cords. Figure 11a is an enlargement from an ERTS color composite with 
no enhancement; Figure 11b is a binary of the same image. 

Contrast Enhancement Using Diazo 

This process is perhaps the simplest and most effective enhancement 
process. Diazo is a nonsilver ultraviolet light-sensitive positive 
material available in many colors, including red, green, blue, cyan, 
magenta and yellow. It is a high-contrast material that is easily 
developed in an enclosure containing ammonia vapors. If a positive 
black and white record is contacted or printed with this film, it will 
yield a positive color rendition. This makes it particularly useful 
for the construction of color composites from black and white positive, 
bulk-processed ERTS transparencies. If only the IR ERTS and the R 
ERTS records are used, the final transparency will be approximately 
equal to the color composite produced by three records (IR, R, G) 

The detail retained by this process is easily equal (in the 
authors' opinions) tu that of the EROS paper color composite, and in 
some cases, detail is added. To produce the IR Ektachrome rendition 
of an ERTS image, the following steps are necessary: 

a. The IR record is contact-printed with a piece of cyan Diazo 
and developed. 
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Figure 10a. Copy of Champaign-Urbana 
Area from ERTS Color 
Composite Unenhanced (Map 3) 
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Figure 10b. Copy of Champaign-Urbana Area from ERTS 
Color Composite, Using Photomicrography 
(Map 3) 
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Table 6, Binary Slicing Combinations for IR, G, R, Records 



IR/R 



Resulting Color 


G/B 

R/G 

of Additive View 
or Print 


H 

H 

H 

White 

Record 

H 

H 

L 

Magenta 


H 

L 

L 

Red 

IR/R Color of 

Final Addi- 

H 

L 

H 

Yellow 

tive View 

or Print 

L 

L 

H 

Green 


L 

H 

H 

Cyan 


L 

H 

L 

Blue 


L 

L 

L 

Black 


H = 

High return of radiation; 
return of radiation 

L = Low or "no" 
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Figure 11a. 1:1 Copy of Champa ign-Urbana Area from CRTS 

Color Composite, Unenhanced (Map 3) 
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Figure lib. Binary Sliced Composite of the Same 
Image as in Figure lie (f-lap 3) 
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b. The R record is contact-printed with a piece of red diazo and 
developed. 

c. The two images are registered and taped. This step is rel- 
atively easy, since registration marks are part of the ERTS Images. 

To insure proper exposure of the fine registration crosses, it is 
sometimes helpful tc tape a small piece of paper over the registration 
mark on the back side (toward the light source} of the black and white 
records. 

Very little experimentation is necessary to obtain proper exposure 
of each image, and the process is inexpensive {20i/: per Diazo sheet). 
Figures 12a and 12b are enlargements of a two-color Diazo composite. 
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Figure 12a. Approximately One-Third of an ERTS 
Frame of St. Louis, Missouri, Area, 
Copied from EROS Color Composite 
(Map 5) 
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Figure 12b. 


Close-Up of the St. Louis, Missouri, 
Area from a Diazo Color Composite 
(Map 5) 
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3 INTERPRETATION TECHNIQUES 


INTRODUCTION 

There are two approaches for interpreting the ERTS images: a 
manual -photographic system, which could be used to record data in a 
format convenient for computer mapping, and a digital interpretation 
derived from statistical analysis of an ERTS tape. 

MANUAL INTERPRETATION 

A fairly simple interpretation system was devised that was capable 
of using 35-mni copies of ERTS imagery or 35-mm copies of enhanced ERTS 
imagery. The system was built around an easily built projection unit 
(Figure 13). Within this system, raw maps can be constructed or cur- 
rent maps can be updated. The projector is free to slide within the 
projection unit, thus allowing a wide range of enlargements. For ex- 
ample, if an urban area appearing on an ERTS image (1:1,000,000) is 
approximately 1/2-in. square in area, is copied at 5X magnification, 
and is projected to a lOx enlargement, it will be more than 20 in. 
square. By using this projection unit, imagery of different dates, 
scales, and formats can be compared, overlain, or projected. 

The approach to this interpretation was based on the concept of 
separating the image into regions of homogenous tones. The operator 
first viewed the projected image on the drafting paper and tried to 
separate a standard set of tones within the image. Use of 8 x 10 in. 
filters* on top of the projection paper aided in distinguishing a set 
of tones and later in discriminating between similar tonal areas. 

Two recording mechanisms were chosen: one to pencil out and code 

areas on the drawing paper from v/hich a simple outline map could be 
made; and one to record the tones on a gridded sheet either by striking 
out and labeling cells containing similar tones or by color coding 
them. The first format may be accomplished rapidly but presents pro- 
blems in determining boundaries between two different tonal areas. 

The second fo.mat uses a cell sampling scheme and reduced the problem 
to one of border discrimination. The interpreter determines the dom- 
inant tone of every cell and assigns the code to each. 

An important advantage of the cell or grid sampling interpretation 
method is that the resulting coded interpretation can be keypunched 
and processed further by computer. Although card coding and punching 
is a tedious operation for large maps, the effort is justified. Many 
sets of computer maps can be easily printed by the machine, and several 


Edmund Scientific Corp., Catalog #70638. 
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manipulations of the data matrix are possible. (These are discussed 
in greater detail in the interpretation results section.) 

Since line-printed maps were the end product, the gridded sheets 
used to sample the image were designed so that the cell sizes were 
compatible to the computer line-printed output. Appendix B contains 
the program for producing these grid sheets and instructions for using 
it. 


This system may be used in either mapping mode, is easily operated, 
and has considerable flexibility. It is both inexpensive to set up and 
economical to use. 

MACHINE-PROCESSED STATISTICAL 
INTERPRETATION 

Classification of ERTS digital tapes was carried out as an alter- 
native to the manual methods of interpretation. Training fields were 
selected and a statistical cluster analysis was performed on training 
field data. A discrimination function arranged the data of the entire 
image into the number of classes determined by the cluster analysis. 

This was completed for the digital data of the scene used in the manual 
interpretation method. 

INTERPRETATION RESULTS 

A portion of an ERTS image was tonally analyzed with the manual 
method by using a high-contrast color photomicrography, 35-mm copy of 
the Lake Decatur area (Figure 14). Since tonal boundaries were more 
readily apparent and easier to determine, the color photomicrography 
was used with the gridded sampling scheme. Figure 15 is a color-coded 
photographic reproduction of the grid sheet. Several attempts at deter- 
mining distinguishably separate tones resulted in nine tonal classes 
being used to map the image. The color-coded grid sheet was converted 
to digital data and processed by a computer mapping program (Appendix 
C contains the program's instructions and listing). Another option of 
the program is to print a map showing each class individually. This 
is invaluable for correlating the tonal regions to collected ground 
truth or for comparison with underflight imagery. 

Appendix C illustrates the class at a time tonal classification 
and shows the line-printed classified map and the frequency (area) 
statistics associated with each class. Figure 16 is a tentative 
"truth table" for each tonal region. Since no ground truth evaluation 
applied to the project, comparisons of the tonal regions were made 
using underflight imagery (Figure 17). Since the area of the test 
encompasses about 1/200 of the area of an ERTS frame, the details 
recorded by this method are impressive. 
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Figure 14. Color Photomicrography 35-rm Copy of ERTS Imagery 
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Figure 15. Color-Coded Grid Interpretation 
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CLASS 


SYMBOL 


FREQUENCY 


AREA(SQ MI) AREA(P,CJ 


CLASSIFICATION 


1 

2 


3 



4 


UOO 

oco 

000 


5 



CO 6 
no 


999 

090 

999 


7 



8 


086 

600 


9 


S66 

888 


579 

0.09 

7.5 

Water 

412 

0.06 

5.4 

Concrete (Runways, Parking Lots, 
Interchanges) 

48 

0.01 

0.6 

Vegetation (Swampy Areas, Vege- 
tation mixed with Water) 

2023 

0.32 

26.3 

Vegetation (Grasses associated 
with Parks, Golf Courses, 
Residents) 

1989 

0.31 

25.9 

Open Space (Bare Soil or Cindered 
Lots) 

125 

0.02 

1.6 

Old Residential (Mixture of Vege- 
tation, Roof Tops and Streets) 

99 

0.02 

1.3 

Industrial (Large roofed-over areas, 
gravelled lots) 

170 

0.03 

2.2 

Vegetation (Dormant Grasses and 
Stubble Fields) 

2235 

7680 

0.35 

29.1 

Vegetation (River Bottom Vege- 
tation and some Crop in Rural 
Areas 

1.20 



Figure 16. 


Truth Table" for the Tonal Regions Used in Appendix C 
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Fiqure 17. Underfl i qht Imaqe of the Decatur, Illinois, Area 
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Figure 18a. Color-coded Composite of the Classification Indicated 
in Figure 16 (Classes are indicated on the following 
one-r lass-at-a-time disp1ays--Figures 19b through 19g.) 
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Figure 18c. Display of the White Classification (Bare Soil: 
Ploughed Fields, River Banks) 
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Figure 18d. Display of the Green Classification 
(River Botton Vegetation) 
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Figure 18e. Display of the Black Classification (Mixture of Vegetation 
and Residence and Bare Soil in Rural Areas) 
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Figure 18f. Display of Red Classification (Concrete: 
Highways, Runways, Industrial) 
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Figure 18g. Display of the Grey Classification (Drying 
Vegetation: Grasses and Stubble Fields) 
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Figures 18a, b, c, d, e, and f show the digital classification of 
the ERTS tape. Mgure 18a is the color-coded composite of the classi- 
fication. Each "class-at-a-time" display was generated by a line-plot- 
ter (Cal comp) and used as a paper negative to make a Diazo color 
positive. These were placed in register to obtain the color-coded 
classification. 

The "class-at-a-time" display enables a much clearer comparison 
of the classification to underflight imagery or ground truth. In 
this experiment, six groupings appeared to match the manual digitized 
imagery well. Although some redundancy occurs in the manual inter- 
pretation, it is insignificant since three urban classes (Figure 16) 
can be combined into a single class and the in-water vegetation com- 
prises such a small area. On the digital interpretation, this latter 
class (vegetation) is seen as part of the group reflecting open space 
and bare soil. This seems reasonable for an area which consists of a 
mixture of vegetation (high IR return) and water (little or no IR 
return). The manual interpretation can then be viewed as a classifi- 
cation consisting of essentially six classes. 

Comparison of the two interpretations shows considerable similarity. 
The principal discrepancy is lack of continuity in the manually inter- 
preted maps in comparison to the digital maps. Highways, airport 
runways, and interchanges are much more consistent on the digital maps. 
This is partly due to the small cell (pixell) size of the digital 
interpretation. The greater degree of spatial detail of the digital 
classification is of considerable advantagej however, the manual inter- 
pretation is detailed enough to be useful. 
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4 CONCLUSIONS 


When considenr.g the advantages of manual over digital interpre- 
tations such as low ’lost, the input of the decision-making process by 
the interpreter, and the flexibility of the system to update and com- 
pare other maps, it may be concluded that an optical processing system 
can be effectively usod to monitor small regions contained in an ERTS 
image. Figures 19 through 23 show the system's effectiveness in de- 
picting seasonal variations. 

A complete comparison between optica! processing and machine pro- 
cessing techniques cannot be made without comparing the interpretations 
obtained from both methods to ground truth evaluations. This compari- 
son will be made in a continuing study, using the Clarenance Cannon 
Reservoir in northe'istern Missouri where construction has already 
begun. The Corps of Engineers has acquired extensive ground truth over 
the surrounding area, which will enable more realistic evaluation of 
the effectiveness of optical enhancement and manual interpretation 
techniques. The ongoing construction and eventual filling and opera- 
tion of the reservoir will provide an excellent situation for change 
detection analysis. 
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Figure 19. Portion of 23 February Color Composite (Map 4) 



Figure 20. Portion of 24 May Color Composite (Map 4) 
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Figure 21. Portion 


of 11 June Color Composite (Map 4) 



Figure 22. Portion of 21 August Color Composite (Map ^ 
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Figure 23. Portion of 2 October Color Composite (Map 4) 




APPENDIX A 


Generalized Areas in Illinois Corresponding 
to Image Coverage Contained in This Report 





APPENDIX B 


Computer Program to Produce Cal comp-drawn 
Grid Sheets for Use in Throwback 
Projector Interpretation 
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o:i29 


r/Lt C<:®15* 

01 3 : 


GO 7" 1 

0> 31 

999 

CrNTMHlF 

013? 


rftt exT-oil lEXl 

"1 33 


!«iX»IFX-10 

01?4 


w*it= 16,1011 TEX 

0153 

191 

FpetBT (•-•,132,1 •• 
r 40 X, t3 ,i X BYTES GF 

01 J6 


STPP 

0137 


FSO 


.21 


23/3t/0S 

00001350 
00001355 
00001360 
00301365 
000013TO 
O0nO13'T5 
03031389 
00031365 
00001390 
03001395 
00001400 
00001405 
00001410 
00 00 1415 
00001420 
00001425 
00001430 
00001435 
00001440 
00001445 
PtOTtEO* t /'O* ,00001450 
00001455 
00001460 
00001465 


PAGE 0006 




SUBPROGPAKS CAttEO 

$Y««ri 

t"rAT10«| 

SV9B"t 

1 SCAT JON 

SYHBOL 

2|F 

144 

jaCGM* 

148 

Pint 

AGCT 

i'58 

N»*«9E» 

15C 

CCPIBA 



SrALAP K 4 P 


ST'fFCt 

t'»r6rj39 

SYMar>i 

LCC'FT'ION 

SVKBOt 

TOatPM 

2=C 

xa"T 

500 

VBCt 

t:*u 

310 

YIMPM 

314 

ec 

y«CC 

3»4 

H 

328 

L 

TOIfP 

339 

VTnp 

33C 

XiTOP 

xiv:» 

34- 

rlKfB 

350 

'A ^ 

I'X 

360 

IT 

364 

|T£N 

V 

374 

I 

378 

j 

• 

" 


AP9AY HfP 


SYVaPt 

tCFATKCV 

SV^ani 

LOCATION 

SYMBOt 

OlGt'' 

388 





LOCAtrtON* 

16C 

1«6 

SYMBOL 

OFFSET 

EXCbRi 

LOCATION 

150 

164 

SYMBOL 

ACCX 

tOCATIQN 

156 

LCCATIGN 

304 

318 

32C 

340 

354 

368 

3>7C 

SYMBOL 

XCELL 

XLET 

iB, 

NX 

OODX 

Y1 

XI 

LDCATIQN 
BOB 
31C 
33b 
344 
358 
• 36C 

380 

SYMBOL 

XlINGH 

XACC 

■X'Oirsp 

NV 

QODY 

LL 

SlEX 

location 

30C 

32b 

336 

368 

3SC 

370 

386 

LOCAinON 

SYMBOL 

L0CA,T10N 

SYMBOL 

LOCATION 


F* 3 »T»ev IV R tfV&t 21 




OAite - 75058 


cCflWiT STMEHfNT HAP 

5vwant LCC*»'r'’K SVH9CL tOCATIGNi S>V^'30'. tOCATlOH 

HOO JRO I'O* 3®'^ . 


■r» 


,'TC«e»|T 

lOCiATT ?S 

2 

508 

9 

668 , 

1* 

60F 

21 

T*<’ 

26 

to: 

31 

88^ 

37 

8*4 

*2 

950 

*7 

990 

52 

9**.** 

57 

«,1,8 

62 

*58 

67 


7,2 

916 

77 

95P 

«2 


87 

Bes 

92 

E2*; 

97 

C9E 

102 

096 

V07 

036 

M2 

08«= 

117 

(VO 

1,22 

F04 

127 

'TO 

132 

'■44 


STATEHfNT KUH9ER HAP ^ 
location STAilitHcAT 


4 

508 

5 

10 

68 E 

11 

16 

6FC 

18 

22 

758 

23 

27 

TC9 

28 

32 

896 

33 

38 

902 

39 

43 

95A 

4* 

48 

996 

*9 

55 

9CA 

5* 

58 

A24 

59 

63 

A62 

6* 

63 

A‘F6 

69 

73 

830 

7* 

79 

070 

79 

83 . 

0C* 

84 

P9 

PF4 

89 

93 

646 

94 

99 

Cfti2 

99 

103 

COE * 

10* 

lOR 

04* 

109 

113 

1V8 

D9E 

OCE 

ii* 

il9 

t?3 

E12 

12* 

129 

E8A 

129 

133 

iEAE 

13* 


•LOCATION 

5F?. 

tJO 

764 

TO* 

8A0 

90C 

9«6 

9A* 

9F8 

A2E 

A6C 

APE 

8'38 

BTC 

BCC 

eb'A 

t52 

COC 

iOilA 

056 

DA'A 

DDA 

E2C 

E9* 

ESA 



23/31/05 


PAGE 0005 



syneoL tacAiiiaNi 

109 **D 


i 

SVHBOb tOCATI'OH 1 

iol AAE I 


STiATEHENT liOOTICK 


7 

63L 

12 

68C 

19 

738 

2* 

770 

2^ 

7E0 

3* 

BAA 

40 

93'A 

*5 

970 

50 

9’AE 

5'5 

A'O* 

60 

A*2 

65 

A92 

to 

806 

75 

B«* 

80 

BA8 

85 

808 

90 

C12 

95 

C7A 

100 

CE4 

i05 

DIE 

ilo 

062 

115 

082 

120 

OPO 

125 

E38 

l3b 

E9E 

136 

E08 


STATEHEMT LDCATISfl 


8 

*'j2 

13 

602 

20 

7*0 

25 

796 

30 

836 

36 

870 

*1 

9*6 

*6 

98* 

51 

968 

56 

■A9E 

6,1 

A«E 

66 

AB8 

tx 

eoE 

76 

859 

81 

3A3 

86 

BED 

91 

CIE 

96 

C8A 

W1 

ce: 

106 

D2'A 

111 

D8E 

i'i6 

OBE 

121 

0F8 

126 

E60 

131 

E'A* 


tn 


Fnor«AV IV LEVit M 


or-t 

SUPePIT I'M* ACCX «tX«Y ill 

0002 

vi»r-.oni75 

0303' 

Y2»Y».OOT5 


»^*(LL ®L0^l«tYl.l21 

0005 

OIL PLOT 1 1. W . 121 

0306 

r*Lt PLl3Tt2tY2U21 

P'.rtiT 

ffH PL<^ l«'»Y2,121 

0009 

<r *JtU PtCTJ», Y,l2 J 

0009 

?eTu->Y 

0010 

ati-rey *crY(X..Y>Z} 

orn 

»iI«X-,P0T5 

o?12 

*2«X*.P0T5 

OOII 

t«lL PU:7TC!*a,y,12> 

5014 

r*'LL PtOYIX'l„Z.12> 

0-15 

f* LL "LOT <>X2 , 2,121 

0016 

C ALL plot 1X»,¥,12» 

noiT 

r/ll PLOT W,Y, 121 

O- J8 

PETUPM 

0019 

ENO 


OA>TE • T5M0 2J/3l'/(»5 ®®®* 

OOOOIATO 

0060i<tT5 

oooari483 

00001485 

00d0ti«90 

003011495 

00001500 

000011505 

OOOOtSl'Di 

00001515 

00001520 

00001525 

caodi’550 

00001535 

00001540 

00001545 

60031550 

00001555 

00001560 


SV-SOL 

PLOT 


49 


«U8PAntCP6H5 CALLED 
SVMPri LOCATIiOM symbol 


LOCATION 


SYMBOL 


LOCATI'°'< 


SY«»0L 

Tl 

VI 


tormoi 

154 

1*8 


scalar hap 

SY^N^L LOCAtlGN SYMBOL 

r 138 Y2 

X? 14C 


LOCATION 

13C 


SYMBOL 

X 


location 

140 


SYATp<«s*»i L-ri^Trv 
1 258 

6 234 

II 2A4 

1'6 2*0 


STATEMENT NUMBER MAP 

SYIT.eiMSHT LnCATliON STATEMENT LCCATIiON 

2 258 3 26^ 

T 28E 8 298 

12 286 1'3 2C2 

IT 2EA 18 2F4 


STATEMENT LOCATION 


4 

9 

14 


270 

2A2 

2CC 


•fO»trvS IN pPPEM^* 
•«T1CNS TM 6FPECT* 
*STATl!StT''S* 
•STtTts'»irs* 


W'tO.PPCOtr ,SOURCEtNOLTiST.iNODECM'»LOADi MAP 
NAME ■ aCCX » LINECNT ■ 50 

S'^iinCE STaTEMEMrS ■ l9,iPR9C»AM SIZE ■ 

St* OIACSrSTIiCS 5ENEB4TED 


764 


SYMBOL LOCATtlON 


SYMBOL LOCATIONi 

I 144 


statement location 

5 27A 
10 2«A 
15 206 


•ST'ATfST|rS» <0 DIAGNOSTTCS this step 



05/360 LOADER tUOI VERSION l.li) 

r»nCNS USED - PO!V''.'*»‘PtN<'LFTt«‘6tL.K0REStN0TERH,iS,I'Z'E»a085«6fN*NE«**G0 


ve*5 

T% *C 

6000 

NAVE 

type 

AODR 

NAME TYPE 

AOOR 

NAME 

TYPE 

ADDR 

KAKE inrPE 

AOOR 

N*TiK 


so 

650^0 

•rrx 


so 

65EF8 

ACCY 

LR 

t’ifZB 

EXCORI 

• SO 

A61F8< 

CCPIIB'A * 

SO 

66250^ 

rt'p 

• 

to 

6626A 

MimoEP 

* 

so 

66318 

CCP3NB • 

LR 

66316 

CCPIOS 

* SO 

664B0 

OFFSET • 

LR 

66«fi0 

ptn.Ts 

• 

so 

665?0 

'-01.DS 

m 

LR 

66520 

CCiPLU • 

LR 

66520 

ORGNSE 

• LR 

66520 

CCPl • 

SO 

66528 

PL“7 


L» 

b'j'jfO 

rooiot 

■m 

tB 

666P0 

iHCECOHH* 

SO 

66960 

iSCOHf 

• LR 

66860 

Forces# 6 

LR 

66CiC: 


to 

6'WP6 

ThCC/vhe* 

SO 

6mm 

5EOOASD * 

LR 

680E<« 

IKCETBCKP SO 

683" 0 

IHCTRGH * 

LR 

68900 

EOCTSA 

• 

t« 

60302 

^5;V« 

• ’ 

IP 

66918 

OKPtSTi* • 

LR 

SeB’R 

BRUT'Ha 

• SO 

6S'A .J 

REGS6'* 6 

LR 

63AS* 




641/0 



!.» 

ta'AAO 

IHCEBPE • 

LR 

66.*a8 

IHCOOPT 

• SO 

690ac 

XHC2FMTH6' 

SO 

6.J300 

AO tTX* 

• 

to 

66100 

/oJ5:;TtM* 

LR 

6C74C 

iKCePIOS* 

SO 

69<U'8 

FtbGS'* 

• LR 

69BLB 

FIDSSBEP* 

LB 

699iE 

IMre»?S2o 

so 

6* 840 

•MitoOVTM* 

SO 

6A07C 

A0CPN4 • 

LR 

6AO70 

FCVWDUTP* LR 

6AE>iA 

FCVLtM'TP/ 

LR 

6AEAA 


9m 

to 

6'J^FS 

pcv.iaj^’p* 

tP 

6iP3'A8 

FCVEOurP* 

LR 

668AA 

FCVCOUTP* LR 

63AS4 

IiNT6$HCH«' 

LR 

6B0A8 


SO 

6»'PtO 

<‘<’»SYSSv* 

SO 

6F080 

CCPSYStO* 

LR 

6C0FB 

CCPER2 

• $0 

6Ct«S 

SYMBOL * 

SO 

6C100 

C''P2SV 

■m 

to 

6/106 

f<^02SB 


LB 

6C1D1 

TEtSYN • 

SO 

6CAA6 

iHCSSCK 

* SO 

6CAB0 

COS • 

LR 

6CA80 

• S7iv 

• 

to 

6rtC5 

croiop 

■m 

SO 

6CC90 

NMERE * 

LR 

6CC5C 

UXSYSERRi* 50 

65008 

SVSERR • 

LR 

6S008 

iHryitni • 

SO 

6C'E'50 















TCm LF’it;*'H 8478 
6N»»V »C0O6$'S 65010 


CJl 

o> 



!lit'«oaoc-4 oonirerr-nn 


P5W>FF'8500000206et5A 


TP'»c*p«:x t»«'v of,M. at tor. ofisoiaii 

“»I’l EXfClTfEo ctix FRIPX OtS"tftCEHeKir 
<06626/., J FAUfO «r OirSRLJCEHENjr OOSEFO 
TR'f<“pR«Cx 


£•»•> np 


OOOSE2 


•fr.irsT«-p^,t 

F'OOaO'JI 0‘1«6SITII P0fi65504 
0016S,'i T9 O0QO3OOM 0006C<)IS 


0006SSC!8 0008ll6»'0 
00065000 620662TC 


FFFFFFFF 00081'T58 
0006C080 62066290 


OOOOOOPP 
800136, TC 


APPENDIX C 


Computer Program listing 

rniAr-eoded Grid Interpretation (Figure 1 


FAGzIi::tz:::: 

PRECEDIIU 


,LY niANX 

::3T filmed 



o> 

o 


fCsTMM IV p tev«t 


9001 

090» 


0009 

000b 

P'Oif 

0009 


f. 

c 

c 

S 

}5 

r. 

% 

r 

r 

m 

*’ 

f 

c 

r. 

c 

r 

t 

C 


r 

c 

r 

t 

0 

£ 


OAT* - 15058 10/39/88 

pqni-oAut GOBX-MAP 

P9f(;eA’««EBS JiihONA'LO ej|0?} 

UN?vi;BSirTy^lF IttlNCl'S 
jANOAB'V 19'70 

|«9T=>yi:T10«S,» PSOCSA- RfADS 2 OB 3 gS!SE£0}!4fS|“* 
i*'0S. ^• lNTS8EB VALOE^!PP•Ft0ATIl^G POINT VALUE. 


rnvTbD'. f BBO I t TlJiLf £'f5P_ 

tois l-SO A*if fiCSW'EC* tITCE 


rrt9**i-3^'iPnw?"NU*?t»^ rcws. cw SRTl» 5S6£7 ( J J .. 


OiS?0? OESlWCr .11 

?ru?’io-|5 SCALE L*<>G|B VAtUEOF A^ SRIO SHEET lEPI 

6BI0 SHEET HI 

Crt 60 SCtTyP class CESIGNATICN (IS 
i«HU^EPS't S »2»t E TTER $ 

IMI ® 

y? J?jit'€ck^i!p'^rai&v LtvPL ^APS^CCViEOPHiiNTlNGJ APE OESiPEO# 

liiiililtSSlSi 





PACE 0001 


cn 


f'WTflow fir c tEvet 21 


0109 

{•ri^ 

I'Oil 

COl) 

ocr* 


H*tN 


DATE • TS058 


10/39/30 


0019 

3020 


CE5rU|21)*N“'^SiN':CLSvHCAT,SCAtEtNCt*SSttlNPft.NCUT.rA 

21 F Vx.inox.FiS. V , 12 , 0 *. u .ox. n > 

Ilf nftTvP.NE.il CC tc 3C 
pp/r I5,i* HHICIJII. J*1 .NCLASS 1 

24 *(’s««Ti{2(jt’ > 

“^lT||4;?fl‘Nf^KlViicill°NCAT.i5CALE.NCtASS.^t 

>a I TiPi( 4 , 3 $iH<4 I'D i J > . J >'l . 20 1 

51 v; ,,p , . .NCPts- • t • I Ii^* fSatiE- * . Flou 

•r//ix. •Nf L^ fS» • . 12. V.LINP6V ’',1 1. > .fiCLTTP- .llr/AI 
33 f SYP8CLS US'E0i*.20'(>Ai.ixJ.//^I 

14 4X0 NO,. , 5», »i 

*f iC^*:****'************************P***l ''/'I 

JO O'" 50 f-i.xmMS , . . 

‘>f A'* l5,5l III'NCOOI K.J l.NCOLS ) 

e,t r 'P44Y(;g(v! v| 

43 f»FI 6. J 51 X. (NCCOIK. i) .Jpl.801 

15 F?a“/Y 1 51 ,13 . 5X, 80*1 . / 1 
If I'iOlTYF.IlP.a) CO TC 58 


??f??!:^Tiijf^y.XSXlIXO'»> GO TO 53 


93 


NOr 0 .( 11 , j|«o 

or 55 

C’ 52 l»l.NCt4S5 

..Jf, 


iiF'(i*'r''0'{i 
92 C*'«i-IiM6 


EO.NIOUH CO TO 94 


54 riCrpil, JJ •! 

55 C-fiTINOE 

56 

20 IMtrrilf .Jil.E0.01 ncdoik;j|4ncqdir«ki» 
SO 

IfifC* T .r.f. 11 NM»NCU*SS*1 
r- 11“ K«i.KS 
r J»x-l 
-.2 


in 




IFij,Fr.i| CO to 103 

;^;vti|||if.ct4S5 ».I2.* OISPWT60S/////I 

:H?lfe!*Sk.EK51SMKSr “• ■ 


PAGE 0002 


REPRODIJCmiLlTY OP THi 

om\ > iN 3?/i.Cfl!J IS POOR^ 



<3» 

IS9 


IV C •.fVEt 21 


MIN 


DATE • T40S8 


10/»9/»8 


?9<! 


f '*2 

.nnpl 
0i6i 
0361 
<:-nb6 
«|*6S 
*:-6& 
cc«.l 
no/, a 

V 

(K'^a 

05 T6 

3or> 

cr.Tfc 

noff 

C.'.T* 

noM 

ora’ 

s?n 

ntai 

oaao 

O'-'.O 

O-Cl 

nr-oz 

cES> 

fcon 

OCOO 


16« 

10^ 

in 


Fc»»'»'n26*feO'Mi 
pr 101 itjl.iO 

or- 111 

pV til JJ.2.NK 


;2o 


122 

133 


<■.' -r no 
"SPU jJI««IOIiLl 
C-V11-JE 


;J3 L«2 


• 82) 


li 

i;a 

150 

90 

100 


W i'l I ’ I •^SliA’SM 

ii»:»i*.r.T.'. » r.3 Tf: 99 _ 

Dn^V5rt*S»l.iN‘'LASS 

fer IsieiiKf r«C cu« ,KJ . isw. I'S 

f fKTXiMUE 

li 


:W0 


SUBPOOGOAHS CAiLED 


PAGE 0003 



RmODUGBILrrY of the 
lOmdlSiAL MGE m nm 



10/39/»e 


SYMBOL 

LOCATION 

SYMBOL 
N1I0HS 
I^INPR 
1 1 

LflCmON 

ICA 

1 

NC 

214 

NCCUNT 

LCCtTlON 

80 ao 

B3BB 

ST.MB^^ 

il! 

LOCATyjN 

B^DO 


PAGE 

0004 

SYMBOL 

LOCATION 

SYMBOL 

NCOtS 

NCLTVP 

NJ 

4N 

LOCAJ|0N 

i 

-MBCL 

“-.M3 

MID 

tCCfJjO. 

B40C 

SVMO^I 

m 

“sur 

iiii 



T V 0 tev5t 21 


Tfrsi- IS Ef 




HKIN 0*TE • 19058' 

;, . * sIlE 368** 

Irmeo 


19/39/90 


M6E 0005 




P0ST1 t« 

CiJOl 

oor? 
one 3 

3Ee^ 

oc r T 
?r*d 

8sn 
"•1 1 

83:; I 
001 

SHU 

nau 

m 

8 r>?i 
Oi>> 
0‘2i 
0026 

i%n 

00c9 

ir3*> 

007*, 

0332 

'>'*33 

002* 

un 


tv 0 t*V6t Jl CABLE DATE ■ TSOiO l'Q/3S/3'a 

^SU«f' 0 Ti 6 E CAaLe{KetNC0UNT.XJ,lS‘Xl.JSX2„ISMi.T0tF«eiiT0!rAR*NCLASS:,« 

dl Vr fcST'ir i; NGPUVTiW } ,1 SXl O.) , ISXEtil ) t ISX3 IU t I'lfOMI 
«' 17 5 ( 6. ID 

I ' "SVHBCL' t SX, ■.FREOUENCT' , SX, ■ARlEAt SO HU I '.SX, 

D"' I'*' J = l,KC 
liFI’-.C.'*.*.’ ) KJ-J 

r. ' ~ r n 

12 

t,2 “- t|Ci| IM I 

f t f- E *„rf uNT/'fOTFF E*l'00i. 

A Sit A « Fo ;.F E 4>*'0T AR > / I QO . 

Di' SO Si'l ti 
weiTEti6..i:il 11,11.11 

r.n T-G 30 4 

_ O'! t: so 

30 >r rT?ii6^t!03 J KJ> 12, 1 2,1 2,NC0UNTtKJl> .AREA.RAREA 

«0 G '^iTlVljE 

10 CCMt'iUiE 

ir”FF'Cs,T f-TpPP 

. - . • ’ I ‘ ' 05i ■ lOTiF RE , T.CT'A'R 

ID'S F'- r “ AT ( !>6X, J'5 , 9X ,iF 7 .21 
F'-F«*-»-TSSX,3 4!l J 
Ir 2 • ♦ ' ,A3X„3/1 } 

103 F^!«|T « ■ ♦ • , 3SX, ri,.8X,,3Al,,9X, 1 5, *X,iF7..2,aX,F5,13 


PACE 0001 


0037 


ErsO 






svRpri 

lacc** 

LOCAriov 

cc 

SV«ADL^“®'’E8MnP^‘-‘^^“5YHBOL 

LGCATICN 

SYMBOL 

LOCATZON 

SYMBOL 

LOCATION 

STF'ecL 

LCTiTlCN 

SCALAR PAP 

SYPBGL fcCCATION SVHBOL 

LOCATION 

SYMBOL 

kOCATtON 

SYMBOL 

LOCAT'ION 


<T» 

a> 


frf,T^A\ IV « LPWfl 211 CABLE 


iz 

««EA 

'>3 

EA 

fS 

Kf » 

TPT3P II 

KJ 

CCUNT 

K 

ST““'’L 

fCCijMT 

1 2£ 

1C3 

S Y-BOL *" * *LOC It IC N 
1S*1 tOC' 

SYMBOL 

iS'xz 

SVMsr^ 
1 4 

I'a 

is? 

_ FORMAT SiT'ATEHENT 

SYM|gL LOCATJCN 

HAP 

STMgg^ 

1 ■ 
n 
13 
1,3 
*3 

L'V;t j,i- >4 

m 

3-.t 

Hi 

4L8 

trG 

3 2H« 

9 3114 

19 3SZ 

1 9 3 B2 

24 44'E 

30 4F0 

HAP 

SilATEHEhV 

5 

ii 

20 

2S 

31 


DATE • 7S0S8 


10/39/38 

PACE 0002 

OK 

ICO 

NCLASS 

RAHEA 

ICTPRiE 

% 

104 

loTFRE 

EO 

F4 

LOCATION 

U'O 


LOCATION 

U4 

SYMBOL 

HIiO 

teCATlON 

116 

LOCATION 

162 

SYHBgl 

LOCATION 

160 

oo 

v% 

LOCA||CN 

LCCATTON 

2GB 

11^ 

3IE0 

4A'C 

BIO 

STATEMENT LOCAiKON 
6 203 

li i& 

IS III 

36 534 

STATEMEMT 

r 

M 

II 

LCtATICN 

2EE 

III 

m 



• ST/TISTlvS* t.3 OI.AGfiCSTECS THIS STEP ' 


1340 



Wir*S 0£c3 


OS/ 360 tOAOEK nun VERSION t.1,1 
ntl!Mr,vAp,NOLET ,rALttiNCREStN3TEIiNt.SI£E>108SMtNAMe>**60 


r.AXE type iipp 
MT*’ SO 7TO10 

lfjr.faS‘-H • SD oZiie 
tgirf* • tt 
llH- ET?S,2* ?'D 
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